TITLE 

PURIFICATION OF TAXANES AND TAXANE MIXTURES USING 
POLYETHYLENEIMINE-BONDED RESINS 

I. Cross Reference to Related Applications 

The present application claims the benefit under 35 U.S.C. §1 19(e) U.S. Provisional 
Application Serial Nos. 60/455,377 and 60/456,478, filed March 17, 2003, and March 21, 2003, 
respectively. Each of these applications is incorporated herein in its entirety. 

II. Field of Invention 

The present invention relates to a process for separating or isolating one or more taxane 
compounds from materials containing taxanes, and to the compositions or compounds resulting 
therefrom. The present invention also relates to a process for purifying a biomass extract 
comprising one or more taxanes. In one embodiment, the process involves using one or more 
amino containing material attached to a matrix (e.g., solid matrix), including but not limited to, 
polyethyleneimine-bonded silica chromatographic resins (PBS resins). These resins facilitate the 
purification of taxanes in high yield and purity. In one embodiment, the chromatographic resin 
comprises a non-functionalized and/or non- derivatized polyethyleneimine ("PEI") polymer 
bonded to silica of various particle sizes or pore sizes. In another embodiment, the 
polyethyleneimine is methylated to form a diethylaminomethyl-bonded silica ("DEAM"). In one 
alternative embodiment of the present invention, both DEAM and PEI may be used in normal- 
phase chromatography under acidic pH. 

III. Background of the Invention 

The present invention involves isolating or separating paclitaxel or other taxanes from 
materials containing one or more taxanes using an amino containing material supported by a 



solid matrix such as PBS resins. The present invention also involves purifying a biomass extract 

comprising taxanes. 

It is well known that various taxanes, e.g., paclitaxel, can be purified by using 

chromatographic techniques. Chromatographic media such as silica, alumina, alkyl-bonded 

silica resins such as CI 8 and C8, and polystyrene divinylbenzene resins have been reported in 

the literature to be useful for this purpose. However, depending on the nature of the purification 

process, all of these media have limitations. 

It has been discovered that amino containing material attached to a matrix (e.g., PBS 

resins) may provide superior selectivity and resolution over other conventional chromatographic 
resins used to isolate and purify taxanes. Therefore, amino containing materials attached to a 
matrix (e.g., PBS resins) can be utilized to perform separations more efficiently than other resins 
in the area of taxane purification. For instance, in the literature, the separation of paclitaxel 
(taxol A) and cephalomannine (taxol B) has been described as difficult. The separation of these 
compounds is greatly facilitated using one or more PBS resins, as described herein. Also, since 
PBS resins can be utilized using organic solvents, the resin may be more easily loaded and 
samples can be applied at higher loading than reverse-phase resins such as CI 8, C8, and 
polystyrene divinylbenzene. 

PBS resins are primarily used in ion-exchange chromatography applications. Very few 
taxanes contain an ionizable group such as carboxyclic acid or amine groups and therefore the 
mode of interaction is not traditional ionic exchange. Unexpectedly, the use of PBS resins 
provides superior selectivity and resolution in isolating or purifying taxanes. In the present 
invention, the PBS resins work best when small amounts of an acidic modifier or salt are used in 
the mobile phase. 
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In addition, we have discovered that the amino groups of the PEI polymer can be 
functionalized by alkylation, arylation, or acylation. We have also discovered that PBS resins 
may be used to perform preparative and analytical separations of taxane compounds. Preparative 
separations can be carried out in a batch, semi-continuous, or continuous mode. Semi- 
continuous mode may be in the form of simulated moving bed (SMB) chromatography. 
IV. Summary of the Invention 

The present invention involves isolating or separating paclitaxel or other taxanes from 
materials containing one or more taxanes using an amino containing material attached (e.g., 
bonded) to a solid matrix, including but not limited to, a polyethyleneimine matrix capable of 
isolating or separating taxanes, such as polyethyleneimine bonded to silica. Other suitable amino 
containing materials attached to a matrix (e.g., solid matrix) may include those materials 
disclosed in U.S. Pat. Nos. 5,085,779 and 5,092,992. Both of these patents are incorporated 
herein by reference in their entirety. 

In one alternative embodiment, the present invention is directed to the use of PBS resins 
to aid in the separation or purification of various taxanes, including paclitaxel, from 
compositions containing taxanes. It is believed that the use of these resins for this purpose is 
both novel and superior over the prior art. The preferred resins include PEI and DEAM. 

In one alternative embodiment, the present invention is directed to a method of isolating 

one or more taxanes, and analogues thereof, from a taxane mixture. The taxane mixture may 

include a biomass extract or it may be obtained from semi-synthetic or total synthetic processes. 

The method comprising the steps of: 

(a) treating the taxane mixture with an amino containing material attached to a matrix 
(e.g., PBS resin); 
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(b) eluting one or more taxanes and their analogues from the chromatographic resin; 
and 

(c) recovering the one or more taxanes and their analogues in one or more fractions 
of eluate. 

In another alternative embodiment, the present invention is directed to a method of 
purifying and/or increasing the concentration of taxanes in a taxane containing material, such as 
a Taxus extract, or taxane mixture obtained from semi-synthetic or total synthetic processes, 
derived form plant material selected from the group of plants known as Yew. The method 
comprising the steps of: 

(a) treating the material comprising taxanes and their natural analogues with an 
amino containing material attached to a matrix(e.g., PBS resin); 

(b) eluting the taxanes and their analogues from the chromatographic resin; and 

(c) recovering the taxane and their analogues in one or more fractions of eluate. 
The present invention and its advantages will be further understood by reference to the 

following detailed description and the accompanying drawings. 
V. Brief Description of the Drawings 

Figure 1 shows an exemplary chemical reaction scheme using a chromatographic resin of 
the present invention. 

Figure 2 shows an exemplary chemical reaction scheme using a chromatographic resin of 
the present invention. 

Figure 3 shows separation of taxol A from taxol, B, C and other impurities using a PEI 
resin of the present invention. 

Figure 4 shows separation of semi-synthetic taxol A from other taxane by-products using 
a DEAM resin of the present invention. 

Figure 5 shows non-limiting taxane molecules. 
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Figures 6 show non-limiting, exemplary compounds ("primary taxanes"). 
Figures 7-9 show non-limiting, exemplary taxane molecules. 

Figure 10 shows comparison of retention times and taxane standards on various media. 
VI. Detailed Description of the Invention 

As used herein, an "alkoxy group" means a linear, branched, or cyclic saturated 
hydrocarbon attached to an oxygen atom. Preferably, an alkoxy group has between one and six 
carbon atoms. An alkoxy group also refers to substituted alkoxy groups, which may include 
substituents such as alkanoyloxy groups, alkenyl groups, alkyl groups, alkylsilyl groups, 
alkylsulfonyl groups, alkylsulfoxy groups, alkylthio groups, alkynyl groups, amino groups such 
as mono- and di-alkylamino groups and mono- and di-arylamino groups, amide groups, aryl 
groups, arylalkyl groups, carboxy groups, carboxyalkoxy groups, carboxyamide groups, 
carboxylate groups, haloalkyl groups, halogens, hydroxyl groups, nitrile groups, nitro groups, 
phosphate groups, siloxy groups, sulfate groups, sulfonamide groups, sulfonyloxy groups, and 
combinations of these. Preferred examples of alkoxy groups include, among others, methoxy, 
ethoxy, propoxy, cyclopropoxy, isopropoxy, n-butoxy, isobutoxy, 5ec-butoxy, tert-butoxy, 
cyclobutoxy, pentoxy, isopentoxy, weo-pentoxy, cyclopentoxy, hexoxy, and cyclohexoxy. 

As used herein, an "alkyl group" means a linear, branched, or cyclic saturated 
hydrocarbon. Preferably, an alkyl group has between one and six carbon atoms. An alkyl group 
also refers to substituted alkyl groups, which may include substituents such as alkanoyloxy 
groups, alkenyl groups, alky groups, alkylsilyl groups, alkylsulfonyl groups, alkylsulfoxy groups, 
alkylthio groups, alkynyl groups, amino groups such as mono- and di-alkylamino groups and 
mono- and di-arylamino groups, amide groups, aryl groups, arylalkyl groups, carboxy groups, 
carboxyalkoxy groups, carboxyamide groups, carboxylate groups, haloalkyl groups, halogens, 
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hydroxyl groups, nitrile groups, nitro groups, phosphate groups, siloxy groups, sulfate groups, 
sulfonamide groups, sulfonyloxy groups, and combinations of these. Preferred substituents are 
alkoxy groups, amino groups such as dialkylamino groups, diarylamino groups, carboxylic acid- 
containing groups, haloalkyl groups, halogens, hydroxyl groups, nitrile groups, nitro groups, and 
sulfonic acid groups. Examples of preferred alkyl groups include, but are not limited to, methyl, 
ethyl, propyl, isopropyl, cyclopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, cyclobutyl, pentyl, 
isopentyl, neo-pentyl, 1-ethylpropyl, cyclopentyl, hexyl, and cyclohexyl. 

As used herein, an "aryl group" means a phenyl group or naphthyl group, which is 
optionally substituted. Examples of substituents on aryl groups include, but are not limited to, 
alkanoyloxy groups, alkenyl groups, alkoxy groups, alkylsilyl groups, alkylsulfonyl groups, 
alkylsulfoxy groups, alkylthio groups, alkynyl groups, amino groups such as mono- and di- 
alkylamino groups and mono- and di-arylamino groups, amide groups, aryl groups, arylalkyl 
groups, carboxy groups, carboxyalkoxy groups, carboxyamide groups, carboxylate groups, 
haloalkyl groups, halogens, hydroxyl groups, nitrile groups, nitro groups, phosphate groups, 
siloxy groups, sulfate groups, sulfonamide groups, sulfonyloxy groups, and combinations of 
these. Preferred substituents are alkoxy groups, alkyl groups, amino groups such as dialkylamino 
groups and diarylamino groups, carboxylic acid-containing groups, haloalkyl groups, halogens, 
hydroxyl groups, nitrile groups, nitro groups, and sulfonic acid groups. 

As used herein, an "arylalkyl group" means an aryl group attached to an alkyl group. An 
example of an arylalkyl group is a benzyl group. 

As used herein, a "basic baccatin III structure" means a compound having the formula as 
shown in Figure 6, where each of Ri, R 2 , R4, R7, Rio and R, 3 independently is hydrogen, an alkyl 
group, an acyl group, an aryl group, an arylalkyl group, a vinyl group, an ether group, an ester 
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group, a glycoside group, an oxo group, or a hydroxyl protecting group. Included within the 
definition of a basic baccatin III structure is baccatin III, which has the formula as shown in 
Figure 7, and 1 0-deacetylbaccatin III, which has the formula as shown in Figure 8, where Ac is 
an acetyl or acetate group (CH 3 C(0)-), and Bz is a benzoyl group (PhC(O)- or C6H 5 C(0)-). 

As used herein, an "ester group" means a linear, branched, or cyclic substituent having an 
ester functionality, i.e., -C(0)-OR. Examples of ester groups include acyl groups such as aetyl 
and benzoyl, which are bound to a hydroxyl group. 

As used herein, an "ether group" means a linear, branched, or cyclic substituent having 
an ether functionality, i.e., -C-0-C-. An examples of an ether group includes, but is not limited 
to, HOCH 2 CH 2 OC(CH 2 OH)H-. 

As used herein, a "glycoside group" or a "glycosyl group" means any of a number of 
sugar derivatives that contain a non-sugar group bonded to an oxygen or nitrogen atom and that 
on hydrolysis yield a sugar such as glucose. An example of a preferred gylcosyl group is xylosyl. 

As used herein, a "halogen" means fluorine, chlorine, bromine, and/or iodine. 

As used herein, a "heterocyclic group" is a saturated, unsaturated, or aromatic cyclic 
compound that contains at least one atom other than carbon, e.g., oxygen, nitrogen, or sulfur, in a 
ring. Examples of heterocyclic groups include furyls such as 2-furan, morpholino, piperadino, 
piperazino, jV-methylpiperazino, pyrrollyl, pyridyl, and thiophene. 

As used herein, an "oxo- group" means a substituent derived from the oxidation of a 
glycoside group such as a xyloside as described in U.S. Patent No. 5,356,928. 

As used herein, "taxane or taxane molecule" includes but is not limited to a molecule that 
contains a basic baccatin III structure with a (2R,3S)-C 6 H 5 CH(Rx)CH(OH)C(0)- group forming 
an ester with the hydroxyl group located at the C-13 position of the basic baccatin III structure. 
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The group represented by Rx can be an amino group, a salt of an amino group (e.g., an 
ammonium salt), an amino group which is protected with an amino protecting group, or a 
substituent which may be converted into an amino group. Various isomers, homologues, and 
analogues of the basic baccatin III structure, and of the (2R,3S)-C 6 H 5 CH(Rx)CH(OH)C(0)- 
group also are included in the definition of a taxane molecule. Also, a 10-deacetylbaccatin III 
structure is contemplated within the scope of a taxane molecule. Included within the definition of 
a taxane or taxane molecule include, but are not limited to, primary taxanes, for example taxol A 
(paclitaxel), taxol B (cephalomanninc), taxol C, taxol D, taxol E, taxol F, and taxol G. Further, 
the definitoin of a taxane or taxane molecule includes docetaxel (TAXOTERE®). (See, e.g., 
Figures 5-6). 

As used herein, a "vinyl group" means a linear or branched substituent having a carbon- 
carbon double bond. Examples of vinyl groups include, but are not limited to, 1-methyl-l- 
propenyl (CH 3 CH=C(CH 3 )-), and 2-methyl- 1 -propenyl ((CH 3) 2 OCH-). 

Yew is a name ascribed to a number of trees which are Taxus species; Taxus being the 
main genus in the family Taxaceae. Originally isolated from the bark of the Pacific yew (Taxus 
brevifolia) collected from Washington State, beginning in 1962, taxol was subsequently reported 
as occurring in two other Taxus species, including Taxus baccata (European yew) and Taxus 
cuspidata (Japanese yew), in 1971. Following intensive investigations, taxol was further reported 
to occur in a number of other Taxus species and cultivars. These include, but are not limited to: 
Taxus globosa (Mexican yew), Taxus floridana (Florida yew), Taxus canadensis (Canadian 
yew), Taxus wallichiana (Himalayan yew), Taxus yunnanensis, Taxus chinensis, and also a 
number of ornamental hybrids, such as Taxus media cultivars, e.g.: T. media 'Densiformis', 
T.media 'Hicksii', T.media 'Brownii', T.media 'Dark Green Spreader', T.media 'Runyan', 
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T.media 'Wardii', T.media 'Tautonii', T.cuspidata 'Capitata', etc. In the present invention, the 
Taxus extract or a semi-synthetic reaction mixture may be derived from any Taxus species, 
including but not limited to the species and cultivars described above. Other Taxus species for 
use in the present invention are identified in: Chadwick, L.C. and Keen, R.A. May 1986, "A 
study of the Genus Taxus", Res. Bull. 1086, Ohio Agricultural Research and Development 
Center; Appendino, G. 1995, "The Phyto chemistry of the Yew Tree": Phytochemistry, Natural 
Products Reports 12(4): 349-360; Convention On International Trade in Endangered Species of 
Wild Fauna and Flora: Eleventh meeting of the Plants Committee, LangKawi (Malaysia), 3-7 
September 2001, Document PCI 1 DOC. 22-p.l, United States of America; and Greer, C.E., 
Schutzki, R.E., Fernandez, A. and Hancock, J.F. Oct./Dec. 1993. "Electrophoretic 
Characterization of Taxus Cultivars": HortTechnology, 3(4): 430-433. Each of these references 
are incorporated herein by reference in their entirety. 

It has now surprisingly been found that taxane compounds, including paclitaxel and 
paclitaxol analogs and congeners thereof can be isolated and purified from Taxus species in high 
yields by a normal phase liquid chromatography column packed with a PBS resin. By the 
subject method, a large number of analogues of paclitaxel can be isolated from natural biomass 
extracts, and materials obtained from semi-synthetic or total synthetic processes. 

The starting material for this invention may be a plant material selected from the group of 
plants commonly referred to as yew trees. The most suitable plants of this group are species of 
Taxus. Among Taxus species, Taxus x media cultivars are particularly preferred. For example, 
preferred cultivars include, but are not limited to, r.meJ/a'Hicksii' or T.media 'Dark Green 
Spreader'. While it is convenient to use certain parts of the yew tree in this invention, taxol and 
its natural analogues can be extracted from the whole plant or from separated parts such as wood, 
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stems, roots, leaves (needles), seeds, or any combination thereof. The material to be extracted 
can be either fresh or dried. Preferably, the bark or the needles are used. Further, the method of 
this invention can be used to purify taxanes from grown plant cells, or culture supernatants 
obtained by using in vitro culture technology. Additionally, the method is applicable to the 
separation and purification of taxanes from mixtures treated by chromatographic techniques, or 
mixtures that have not been treated by such techniques. The method can be further applied to the 
separation and purification of taxanes obtained from semi-synthesis or total synthesis procedures. 

In one aspect of this invention, an amino containing material attached to a matrix (e.g., 
silica) is used to separate or isolate one or more taxane compounds from mixtures containing 
taxanes. Such substances to be separated or purified include, but are not limited to, taxol A, B, 
C, D, E, F, G, Docetaxel, Nonataxel. Examples of such amino containing materials attached to a 
matrix include, but are not limited to, PBS resins. These resins are typically used in ion- 
exchange applications, and therefore would not be expected to be useful for separating neutral 
molecules, such as taxanes which generally contain no ionizable groups. The selectivity and 
resolution of the separation of taxane mixtures is surprisingly enhanced by using, for example, 
PBS resins. The PBS resins, for example, are more easily loaded to higher levels than, for 
example, reverse-phase resins such as CI 8, C8 and polystyrene divinylbenzene. PBS resins, for 
example, are also advantageously used with organic solvents. 

PBS resins may be derived from polyethyleneimine polymer bound to silica of various 
pore sizes and/or particle sizes. The silica having an average pore size ranging from 60-300 
Angstrom units. Preferably, the silica has an average pore size of about 100 to 200 Angstrom 
units, more preferably about 120 angstrom units. Also, the silica may have an average particle 
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size ranging from about 0.25 to about 500 microns. Preferably, the silica has an average particle 
size from about 10-120 microns, more preferably about 20 to 60, most preferably about 40. 

A suitable PBS resin of the present invention may include DEAM. This resin may be 
purchased from J.T. Baker, CAS Reg. No. Product Codes: 7317, 7471, 7472, 7473, under the 
name "BAKERBOND® DEAM Chromatography Packing." Another suitable PBS resin may 
include PEL This resin may also be purchased from J.T. Baker, CAS Reg. No.: 126850-07-5, 
Product Codes: 7134, 7180, 7264, 7368, 7476 and 8179, under the name "Polyethyleneimine 
Bonded Silica Gel." 

In one alternative embodiment of the present invention, the amino containing material 
attached to a matrix (e.g., PBS resin) may be non-derivatized, such as, for example, PEL The 
chromatographic resins of the present invention may include but are not limited to derivatized 
PBS resins in which the primary and/or secondary amino groups of the polyethyleneimine 
moiety are reacted with a reactive moiety. The PBS resins of the present invention may be 
represented by the generalized formula: 



Generalized Structure of PBS Resins 




O 0 V" OH yn OH 0 ' o x 0 

Silica Suface 



PEI: R = H 
DEAM: R = CH 3 



The above structure is for illustrative, non-limiting purposes only. The structure of the 
PBS resin may take on many other branching patterns or comprise single or multiple sites of 
attachment to the surface of the silica particles. Also, the R groups may include, but are not 
limited to, an H group, methyl group, an acyl group, alkyl group, aryl group, arylalkyl group, 
sulfonyl group, or any combination thereof. 

The amino groups of the PEI polymer may be functionalized by alkylation, arylation, or 
acylation, or other means. Functionalizing the amino group may lead to a resin with increased 
selectivity, resolution, or other desired properties. For example, DEAM is a specific example of 
a functionalized PEI. 

The resins of the present invention may be used to isolate or purify taxanes from a taxane 
mixture, including but not limited to, a biomass extract, such as a Taxus extract. In one 
alternative embodiment, the present invention may be used to isolate or purify taxanes from 
taxane mixtures (e.g., biomass extracts) produced by solvent partitioning, centrifugation, 
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filtration, precipitation, or any combination thereof. The resins of the present invention may also 
be used to isolate and/or purify taxanes from a naturally derived taxane containing mixture, 
wherein the taxanes were not formed from a synthetic or semi-synthetic process. Further, the 
resins of the present invention may be used to isolate or purify taxanes from mixtures comprising 
taxanes obtained from semi-synthetic or total synthetic processes. 

It is well known that various forms of chromatography such as silica, alumina, C8, CI 8, 
polystyrene divinylbenzene, and others are useful in purifying taxol A and other taxanes from 
Taxus extracts. Chromatography may be supplemented by other methods known to those skilled 
in the art, such as solvent partitioning and crystallization. PBS resins may be used in conjunction 
with these other techniques to simplify the purification of taxol A and other taxanes from Taxus 
extracts. For example, we have discovered that PBS resins may be particularly effective in 
separating taxol A from taxol B, N-methyl taxanes, taxane cinnamates, and others. PBS resins 
may also be used to separate a related group of taxanes, such as primary taxanes (see Figure 6) 
from other taxanes found in Taxus extracts. The PBS resins may be used to separate taxanes 
from undesirable elements, thereby increasing the taxane concentration in a mixture. 

In one alternative embodiment, the starting material may comprise plant material selected 
from the group of plants commonly referred to as Yew. The most suitable plants of this group 
are species of Taxus. Starting material for use in the present invention may include, but are not 
limited to: (1) any material comprising one or more taxanes prepared from procedures other than 
semi-synthesis or total synthesis procedures; (2) any material comprising one or more taxanes 
prepared from chromatography; (3) any material comprising one or more taxanes not prepared 
from chromatography; (4) any material comprising one or more taxanes prepared by solvent 
partitioning, centrifugation, filtration, precipitation, or any combination thereof; (5) any material 
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comprising one or more taxanes from Taxus plants; or (6) any material comprising one or more 
taxanes from one or more Taxus plants wherein the taxanes are not derived solely from Taxus 
brevifolia. The starting material may include any material comprising one or more taxanes 
prepared by any combination of the parameters set forth above. Methods of preparing taxane 
containing materials (e.g., biomass extracts or semi-synthetic or total synthetic reaction mixtures) 
are known in the art. 

In another alternative embodiment, the present invention is directed to a method of 
isolating one or more taxanes from a taxane containing mixture, the method comprising the steps 
of: (a) treating the mixture with a PBS resin; wherein the one or more taxanes are derived from 
one or more Taxus plants, wherein the one or more taxanes are not derived solely from Taxus 
brevifolia; (b) eluting the one or more taxanes from the PBS resin with an eluant; and (c) 
recovering the eluted one or more taxanes. 

In another embodiment, the present invention is directed to a method of isolating one or 
more taxanes from a taxane containing mixture, the method comprising the steps of: (a) treating 
the mixture with a PBS resin; wherein the mixture comprises less than 25% or greater than 40% 
by weight of primary taxanes; (b) eluting the one or more taxanes from the PBS resin; and (c) 
recovering the eluted one or more taxanes. 

In another embodiment, the present invention is directed to a method of isolating one or 
more taxanes, the method comprising the steps of: (a) treating a taxane containing mixture with 
a PBS resin; wherein the mixture comprises from about 25% to 40% by weight of primary 
taxanes; wherein the one or more taxanes are not derived solely from Taxus brevifolia; (b) 
eluting the one or more taxanes from the PBS resin; and (c) recovering the eluted one or more 
taxanes. 
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In one alternative embodiment of the present invention, the starting material may 
comprise less than about 25% or greater than about 40% by weight of primary taxanes, including 
but not limited to taxol A, B, C, D, E ,F or G. The remaining materials in the extract may 
comprise other compounds, including but not limited to impurities. Other suitable amounts of 
primary taxanes in the starting material may include from about 0.5% to 1%; 1% to 10%; 10% to 
15%; 15% to 20%; 20% to 25%; 25% to 30% or 30% to 35%, or 35% to 40%. Other amounts 
may also include about 40% to 50%; 50% to 60%; 60% to 70%; 70% to 80%; 80% to 90% or 
90% to 100%. 

In another alternative embodiment, the biomass extract is derived from a Taxus plant. In 
yet another alternative embodiment, the biomass extract is derived from any Taxus plant, 
excluding Taxus brevifolia. In yet another alternative embodiment, the biomass extract is 
derived from any Taxus plant, excluding Taxus brevifolia, and comprises from about 25 % to 
about 40 % by weight of primary taxanes, including but not limited to taxol A, B, C, D, E, F or 
G. 

In another embodiment, the present invention is directed to a method of purifying one or 
more taxanes compounds from a biomass extract, wherein the biomass extract is derived from 
one or more Taxus plants. In one embodiment, the biomass extract is from one or more Taxus 
plants, excluding Taxus brevifolia. In another embodiment, the biomass extract comprises less 
than 25 % or greater than 40 % by weight primary taxanes. In yet another embodiment, the 
biomass extract comprises from about 25 % to about 40 % primary taxanes, wherein the biomass 
extract is derived from one or more Taxus plants, excluding Taxus brevifolia. 
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In addition, in one alternative embodiment, the biomass extract may comprise isobutyl 
alcohol in an amount less than about 50%, 40%, 30% or 20%, preferably less that 10%, more 
preferably less that 5%, most preferably less than 3%, 2%, 1%, 0.5%, or 0.25%. 

The process of the present invention may increase the purity of the biomass extract by 
about 10% to 20%; 20% to 30%; 30% to 40%; 40% to 50%; 50% to 60%; 60% to 70%; 70% to 
80%; 80% to 90%; 90% to 100%; 100% to 110%; 1 10% to 120%; 120% to 130%; 130% to 
140%; 140% to 150%; 150% to 200%; 200% to 250%; 250% to 300%; 300% to 350%; 350% to 
400%; 400% to 450%; 450% to 500%; 500% to 550%; 550% to 600% 600% to 650%; 650% to 
700%; 700% to 750%; 750% to 800%; 800% to 850%; 850% to 900%; 900% to 950%; 950% to 
1000%. As used herein, the term purity means the weight percent of one or more taxane 
compounds present in a dried form of the material or biomass extract. 

The resin of the present invention may be used to purify one or more taxanes from a 
taxane mixture obtained, in whole or in part, from a semi-synthetic or total synthetic process. In 
one alternative embodiment, the resin of the present invention may be used to purify semi- 
synthetic taxol A or other semi-synthetic taxanes from a crude reaction mixture. Because most 
synthetic reactions generate by-products or unreacted starting materials that in many cases are 
structurally closely related to the desired product, the process of purifying such products is very 
important. For example, PBS resins have been shown to enhance and simplify the purification 
of semi-synthetic taxol A produced from processes described herein from many related 
impurities and structurally related compounds as shown in Figure 10, for example. 

In one alternative embodiment, the present invention involves purifying one or more 
taxane compounds from materials prepared from a semi-synthesis or total synthesis process. 
Figures 1 and 2 show an exemplary, non-limiting semi-synthesis processes utilizing the resins 
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of the present invention. The processes are described in Serial Appl. No. PCT/US03/10556 

entitled "Conversion of Taxane Molecules and Serial Appl. No. US " Methods and 

Compositions for Converting Taxane Amides to Paclitaxel or Other Taxanes" filed August 4, 
2003. 

In one alternative embodiment, such materials comprising less than about 10% by weight 
of C-2' benzoyl primary taxanes, preferably less than about 5%, more preferably less than about 
3%, most preferably less than about 1%. In another alternative embodiment, the taxane 
containing materials comprising less than about 9%, 8%, 7%, 6%, 4%, 2%, 1%, 0.5%, 0.1%, or 
0.01%. The taxane impurities include, but are not limited to, the C-2' benzoates of taxol A, B, 
C, D, E, F, or G. The taxane impurities may also include less than about 10%, 9%, 8%, 7%, 
6%, 5%, 4%, 3%, 2%, 1% or 0.5% of the C-2' benzoates of taxol B, C, D, E, F, or G. As used 
herein, the term weight percent means the percentage of one or more compounds present in a 
dried solid form of such material. 

In one alternate embodiment, the present invention is directed to a method of isolating 
one or more taxanes from material comprising taxane compounds obtained from a semi-synthesis 
or total synthesis process, the method comprising the steps of: (a) treating the material with a 
PBS resin; wherein molecules used as reactants in the semi-synthetic or total synthetic process 
are not derived solely from Taxus brevifolia; (b) eluting the one or more taxanes from the PBS 
resin; and (c) recovering the eluted one or more taxanes. 

In another embodiment, the present invention is directed to a method of isolating one or 
more taxanes from material comprising taxane compounds obtained from a semi-synthesis or 
total synthesis process: (a) treating the material with a PBS resin; wherein the material 
comprises less than from about 8% to 3% by weight of 2' benzoates of taxol A, B, C, D, E, F or 
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G, combined; (b) eluting the one or more taxanes; and (c) recovering the eluted one or more 
taxanes. In another embodiment, the present invention is directed to a method of isolating one or 
more taxanes from material comprising taxane compounds obtained from a process that excludes 
the step of benzoylating the C-2' hydroxyl group of the taxane molecules. 

In another embodiment, the present invention is directed to a method of isolating one or 
more taxanes from material comprising taxane compounds obtained from a semi-synthesis or 
total synthesis process, the method comprising the steps of: (a) treating the material with a PBS 
resin; wherein the material comprises less than 0.5% by weight of 2'benzoates of taxol B, C, D, 
E, F or G, combined; (b) eluting the one or more taxanes; and (c) recovering the eluted one or 
more taxanes. 

In another alternative embodiment, the present invention is directed to a method of 
preparing a taxane mixture. The method comprising the steps of treating a material comprising 
one or more taxanes obtained by a semi-synthetic or total synthetic process with a PBS resin. 
The taxanes or other compounds used in the semi-synthetic process are derived from one or 
more Taxus plants, or one or more Taxus plants excluding Taxus brevifolia. In another 
embodiment the taxane containing material comprising less than 3% by weight of 2' benzoates 
of taxol A, B, C, D, E, F or G. In another embodiment, the taxane containing material 
comprising less than 0.5% of the C-2' benzoates of taxol A, B, C, D, E, F or G. 

In another alternative embodiment, materials to be processed by the present invention 
may comprise benzoic anhydride, benzoic acid and benzoyl chloride, preferably in amounts less 
than 10%, preferably less than 5%, more preferably less than 1% and most preferably less than 
0.3%. 
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With respect to materials obtained from semi-synthesis or total synthesis procedures, 
when these materials are processed by the present invention, the desired product(s) resulting 
therefrom may have a purity of at least 70%, preferably at least about 80%, more preferably at 
least about 90%, most preferably at least about 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 
99% or 100%. 

In another alternative embodiment, the material to be processed by the present invention 
may comprise taxane impurities having a molecular weight of approximately 1 104 and/or an 
oxetane ring-opened taxanes having a molecular weights of approximately 871, among others. 

The process of the present invention may increase the purity of a particular taxane in the 
material by about 10% to 20%; 20% to 30%; 30% to 40%; 40% to 50%; 50% to 60%; 60% to 
70%; 70% to 80%; 80% to 90%; 90% to 100%; 100% to 110%; 1 10% to 120%; 120% to 130%; 
130% to 140%; 140% to 150%; 150% to 200%; 200% to 250%; 250% to 300%; 300% to 350%; 
350% to 400%; 400% to 450%; 450% to 500%; 500% to 550%; 550% to 600% 600% to 650%; 
650% to 700%; 700% to 750%; 750% to 800%; 800% to 850%; 850% to 900%; 900% to 950%; 
950% to 1000%. As used herein, the term purity means the weight percent of one or more 
taxane compounds present in a dried form of the material. 

One embodiment of the present invention involves preparative-scale separations of 
taxane compounds, including paclitaxel, using a PBS resin. A preparative separation may be 
carried out in batch, semi-continuous, or continuous mode. Semi-continuous and continuous 
modes may be in the form of simulated moving bed (SMB) chromatography. 

In another embodiment, the present invention includes the use of PBS resins to perform a 
separation by liquid chromatography. In one such embodiment, a small amount of an acid or salt 
modifier is used in the mobile phase of the liquid chromatographic separation. The acid or salt 

19 



modifiers used in the mobile phase may include, but are not limited to, acetic acid, formic acid, 
ammonium acetate or ammonium formate. 

PBS resins may run in a normal-phase mode and exhibit unique selectivity for taxanes. 
For standard types of chromatography, both on C-18 and on silica, other taxanes can elute before 
and after paclitaxel. In normal-phase chromatography on PBS resins, most other structurally 
similar taxanes elute before paclitaxel allowing simplicity in preparative separations. Of the most 
common taxanes, 10-deacetyltaxol elutes after paclitaxel on PBS resins. Fortuitously, the greatly 
extended retention time of 10-deacetyltaxol allows for easy separation on preparative systems. 
This is important because 10-deacetyltaxol can be a significant by-product in semi-synthetic 
preparations and is also commonly found in natural extracts of Taxus spp. 

Figure 10 shows comparison of retention times and taxane standards on various media. 
In Figure 10, Footnote 1 represents Phenomenex™ Synergi™ Hydro-RP, 4 mm (250 x 4.6mm) 
HPLC column: acetonitrile/water gradient elution (40% to 60% ACN over 45 minutes) at 
1.5ml/min. Footnote 2 represents Amicon Si-100-10sp (250 x 4.6mm) HPLC column: Isocratic 
elution, 60% ethyl acetate/40% hexanes and l.Oml/min. Footnote 3 represents J.T. Baker® 
Wide-Pore PEI, 5 microns (250 x 4.6mm) HPCC column: Isocratic elution, 80% ethyl 
acetae/20% hexanes (with 0.5% Acetic Acid) at 1.0 ml/min. Footnote 4 represents J.T. Baker® 
Wide Pore DEAM, 5micro (250 x 4.6 mm) HPCC column: Isocratic elution, ethyl acetate (with 
0.5% acetic acid) at 1.0 ml/min. Footnote 5 represents retention times from a single injection of 
a mixture of taxane standards. Footnote 6 represents retention times relative to paclitaxel. 
Footnote 7 represents times on an average of three injections of a single taxane standard. 

PEI bonded resins exhibit a similar selectivity for taxanes, but some taxanes still elute in 
close proximity to paclitaxel (e.g., 10-deacetyl-7-epz"-taxol, see Figure 10). Chemically modified 
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forms of PEI, such as DEAM, retain the same pattern of selectivity and exhibit greater separation 
of paclitaxel from its closest eluting taxanes. 

The PBS resins have a high affinity for taxanes. As seen in Figure 10, a mixture of about 
60% ethyl acetate and about 40% hexanes is sufficient to elute paclitaxel in a reasonable time 
from silica. In some situations, PEI requires a stronger mix of solvents: e.g., about 79.75% ethyl 
acetate, 19.75% hexanes and 0.5% acetic acid. DEAM's affinity for paclitaxel was stronger than 
PEI's, requiring a mixture of about 99.5% ethyl acetate and about 0.5% acetic acid as its mobile- 
phase. The stronger solvent systems used with PEI and DEAM dissolve taxanes to a greater 
extent thus allowing for higher loading. 

In some variations, polyethyleneimine-bonded silica resins are used to separate various 
taxanes, including paclitaxel, from mixtures of taxanes, such as Taxus extracts, or semi-synthetic 
or total synthetic taxane reaction mixtures. Suitable methods and compositions for producing 
semi-synthetic taxane mixtures comprising paclitaxel were described in Application Serial Nos. 
60/401,191 (the '191 application), filed August 4, 2002; PCT/US03/10557, filed April 5, 2003; 
Provisional Application entitled "Method and Compositions for Preparing a Pharmaceutical 
Compound (e.g., Paclitaxel or other Taxanes) Using a Benzoylating Agent Essentially Free of 
Ring Chlorination", U.S. Ser. Appl. No. 60/444,847 filed February 4, 2003. Each of these 
applications is incorporated herein by reference in its entirety. 

In one alternative embodiment, the process of the present invention comprises one or 
more of the following steps: (i) packing a column with an appropriate amount of PBS resin; (ii) 
equilibrating the column with an organic solvent, preferably acetone containing acetic acid; (iii) 
loading a Taxus extract mixture or semi-synthetic or total synthetic reaction mixture onto the 
column; (iv) eluting the mixture with an organic solvent, preferably acetone/acetic acid; (v) 
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collecting the eluate into one or more fractions; (iv) confirming the presence of the desired 
taxane in the one or more fractions; and (iv) purifying the desired taxane by crystallization. 

In accordance with one alternative embodiment, the taxane containing material is 
subjected to normal phase liquid chromatography ("NPLC") in order to purify the taxol and other 
taxanes contained in a crude or semi-purified extract. Several variables are usually examined to 
achieve separation and purification by liquid chromatography, including column packing (e.g., 
stationary phase or absorbent), composition of an eluant (e.g., mobile phase), column dimension, 
and eluant flow rate. These variables are known to those skilled in the art or can be readily 
determined without undue experimentation. 

The chromatographic column dimensions, as well as the temperature, flow rates, and time 
of chromatographic separations are not critical to the practice of this invention, and are based 
primarily upon the requirements for efficient chromatography which are known to those of skill 
in the art or can be readily determined without undue experimentation. 

In one alternative embodiment, chromatographic purification of semi-synthetic paclitaxel 
may be effected on DEAM resin (20um spherical, 100 A) using ethyl acetate with 0.5% acetic 
acid as the mobile phase. The progress of the separation may be monitored by UV absorbance at 
an appropriate absorbing wave length, preferably 254nm and 280nm. The paclitaxel peak is 
collected in fractions. The ascending portion (from baseline to apex) of the peak can be collected 
in several fractions, typically 2 or 3. The earliest of these fractions will contain most of the 1-epi- 
taxol and 10-deacetyl-7-e/?/-taxol impurities. The remaining portion of the peak may be collected 
in one or more fractions. A step-gradient of a 50:50 mixture of methanol and ethyl acetate with 
0.5% acetic acid may be employed to elute 1 0-deacetyltaxol from the column. 
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In one alternative embodiment, step gradient elution of the remaining impurities is 
preferred over use of a linear gradient for brevity and ease of operation. A more complex 
equipment set is required to make use of a linear gradient. Step gradient elution, using a pre- 
mixed solvent system, may be accomplished by changing a single valve supplying the mobile 
phase to the pump. In another alternative embodiment, it is preferred to delay introduction of 
methanol into the mobile phase system because small amounts of methanol speed the elution of a 
late eluting impurity, such 2-debenzoyltaxol, for example. 

In one alternative embodiment, the liquid chromatography systems of the present 
invention are preferentially used in a preparative mode (greater than lOOmg quantities). 
Preparative columns are typically 7mm to 300mm in diameter and 10cm to 100cm in length. 
Those skilled in the art of chromatography can easily select a column with bed dimensions 
appropriate to the amounts of material being purified. Flow rates of the mobile phase are 
adjusted according to various factors including column dimensions, particle size and pore size of 
the resin, and desired peak resolution. Typical flow rates for preparative columns may range 
from 10 ml/minute to 4 1/minute. 

The times required for chromatographic runs range from about 10 minutes to about 30 
hours. Temperatures for chromatographic separation are typically at ambient temperature, 
although slightly higher temperatures can be used. 

When practicing the chromatographic separation according to the present invention, the 
column may be operated in low-pressure (LPLC) to medium-pressure (MPLC) modes, typically 
10 to 500 p.s.i.g. It may also be run in high-pressure (HPLC) mode, typically 500 to 2000 p.s.i.g. 

In another embodiment, the Taxus extract mixture or semi-synthetic or total synthetic 
reaction mixture may be dissolved prior to loading onto the column. For example, the mixture 
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may be dissolved using an organic solvent, or by other means known to those having ordinary 
skills in the art. A preferred organic solvent mixture comprises acetone/acetic acid. The 
dissolved mixture may then be loaded onto a column packed with an appropriate amount of PBS 
resin. 

Solvents (eluants) useful in this invention may be selected by reference to the standard 
practices of chromatography. Typically, a moderately polar organic solvent such as acetone, 
ethyl acetate, tetrahydrofuran, or acetonitrile may be used as eluant. Other ketones, ethers, and 
esters containing 1-5 carbons may be used as well. Modifiers to the eluant may include more 
polar solvents such as lower alcohols, acetic acid, and water if the mixture contains more polar 
taxanes, as well as less polar organic solvents such as alkanes and halogenated hydrocarbons if 
the mixture contains less polar taxanes. The percentages of the modifiers may be 0-100% 
depending on the nature of the mixture to be purified. This percentage can be readily determined 
by those skilled in the art. 

In another embodiment, the Taxus extract mixture or crude reaction mixture may be 
dissolved in an organic solvent comprising ethyl acetate/THF to form a taxane solution. The 
taxane solution may be stirred with mild heating, and then vacuum filtered to remove impurities 
and debris therefrom. 

The crude taxane solution may also be diluted in an organic solvent, preferably a 
EtOAc/THF solution. The solution may be injected and/or loaded onto a column containing an 
appropriate amount of PBS resin. Beforehand, the column may be equilibrated with an organic 
solvent, preferably EtOAc/acetic acid. After the taxane solution is injected/loaded onto the 
column, EtOAc may be injected into the column. The eluted material may be collected in 
multiple fractions. A step gradient comprising a methanol/ EtOAc mixer solvent may be 
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employed. The desired taxane is eluted from the column, and then collected in one or more 
fractions. A wash step may be employed. 

In some cases it may be advantageous to employ a gradient solvent system, either step 
gradient or continuous gradient. The concentration limits of the gradients are determined by: (1) 
the concentration of organic solvent necessary to elute taxanes from the absorbent; and (2) the 
requirement that the organic solvent be completely miscible and exist in a single phase at the 
concentration required to elute the taxanes. For instance, 100% ethyl acetate may be used 
initially, then switching to 1-10% methanol in a single step, multiple step, or continuous gradient 
fashion. This system may be necessary to separate various taxanes that differ substantially in 
polarity and is readily determined by those skilled in the art. 

The presence of the desired taxane in the one or more fractions may be detected using 
analytical techniques known in the art such as thin layer chromatography (TLC), infrared (IR) 
spectroscopy, nuclear magnetic resonance (NMR) spectroscopy, high performance liquid 
chromatography (HPLC), reversed phase HPLC, and mass spectrometry (MS). 

After the desired taxane(s) is collected from the column, it may be further purified using 
other chromatographic methods, or crystallization and/or one or more recrystallizations, 
depending on the desired purity of the end product taxane molecule or taxane mixture. 
Crystallization and recrystallization may be conducted using a binary or ternary solvent system, 
i.e., at least one solubilizing solvent and at least one anti-solvent. Examples of solubilizing 
solvents include, among others, acetone, methyl-tert-butyl ether, methylene chloride, THF, 
methanol, ethanol, isopropyl alcohol, and acetonitrile. Examples of anti-solvents include 
hydrocarbon solvents such as hexane and heptane, as well as water. In most cases, the 
solubilizing solvent and the anti-solvent are miscible in the ratios used. Examples of solvent 
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systems useful with taxane molecules include, among others, acetone/hexane and 
methanol/water. 

Figures 1 and 2 show an exemplary chemical reaction scheme using a PBS resin (e.g., 
DEAM) of the present invention. Specifically, it shows a semi-synthetic process of converting a 
taxane amide to paclitaxel or other taxanes, and purifying the taxane from the reaction product 
using a PBS resin. Methods of converting a taxane amide to paclitaxel or other taxanes are 
shown in the patent applications previously stated herein. 

Having described specific chromatographic techniques and conditions suitable for this 
invention, a preferred embodiment of the isolation, separation, and purification of the taxane 
derivatives in accordance with this invention is described below. 
VII. Examples 

The following examples are included for illustrative purposes only and are not intended 
to limit the scope of the invention to any particular step or ingredient, for example. 
Example 1 

This example shows the use of PEI Resin in the Purification of taxol A (Paclitaxel) and 
taxol B (Cephalomannine) from semi-purified Taxus media Densiformis extract. Here, a 75 liter 
column was packed with 24.5 Kg of J.T. Baker PEI resin (40 micron particle size, 275 angstrom 
pore size, J. T. Baker Item # 7264). The resin was equilibrated with 2 column volumes, 150 
liters, of acetone containing 0.5% acetic acid at a flow rate of 3.2 liters/min. The semi-purified 
Taxus extract feed was then loaded onto the column at a concentration of about 250 mg/mL in 
acetone and at a rate of 0.5 liters/min. The concentration of taxol was 2.5 weight % or 2.5 grams 
of feed solid for 100 grams of PEI resin. The weight percent of taxol A and taxol B in the feed 
solid was 10.8 weight %. The feed was eluted with acetone containing 0.5% acetic acid at a flow 
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rate of 3.2 liters/min (superficial velocity = 4.4 cm/min.). A total of 10 fractions were collected. 
Fraction 1 and fraction 10 were 75 liters each (1 column volume) and fractions 2-9 were 19 liters 
each (1/4 column volume). Product fractions 2-5 contained 87.96% of the total taxol A & B in 
the feed and the weight percentage of the combined product fractions was 58.59 weight %. This 
product was adequate for further purification via crystallization. 
Example 2 

This example shows the use of PEI Resin in the Purification of taxol A (Paclitaxel), taxol 
B (Cephalomannine), and taxol C from impurities found in semi-purified Taxus brevifolia 
extract. Here, solid feed of semi-purified Taxus brevifolia extract was dissolved in acetone 
containing 0.6% acetic acid. This solution was loaded onto J.T. Baker PEI resin (40 micron 
particle size, 275 angstrom pore size, J. T. Baker Item # 7264). The feed load was 3% or 3 grams 
of feed solid for 100 grams of PEI resin. The elution solvent was acetone containing 0.6% acetic 
acid. As the feed components were eluted from the column, samples were collected 
approximately every l/20 th of a column volume. These fractions were analyzed by HPLC and the 
data was plotted as shown in Figure 3. This run shows the separation of the impurities from 
taxol A, B, and C. 
Example 3 

This example illustrates the use of DEAM resin in the purification of crude semi- 
synthetic taxol A (Paclitaxel). Here, the molecules used as reactants in the semi-synthetic or 
total synthetic process were derived from a Taxus plant, excluding Taxus brevifolia. In this 
example, the instrument used was a NovaPrep 200 Preparative High Performance Liquid 
Chromatography System combined with a Hitachi L-7400 UV detector set to a wavelength of 
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254 nm. Both of these units are directly connected to a PC interface which runs the LC 
ReSponder controller software - Version 2. 1 1 . V (R & S Technology, Inc.). 

The column is a Load & Lock 2" Preparative LC column (R & S Technologies, 
Inc./Varian) which has the following dimensions: Inner Diameter = 5 cm; Length = 25 cm; 
Volume = 490.87 cm 3 . The column is packed with Diethylaminomethyl (DEAM) Bonded Silica 
Gel: Spherical, 20 micron particle size, 120 angstrom average pore size. The column is packed 
with 270 g of resin compressed to 800 psi. 

A total of 7. 1 grams of crude taxol A was prepared via the primary amine conversion 
chemistry described in U.S. Serial Appl. No. PCT/US03/10557 entitled "Conversion of Taxane 
Molecules." The crude taxol was dissolved using about 35 mL of solvent comprising of 90% 
(vol.) ethyl acetate / 10% (vol.) tetrahydrofuran. The solution was stirred with mild heating 
(~35-40°C) for 30 minutes. The clear solution was vacuum filtered to remove any small fibers or 
particulates before injection. After filtration, the solution was transferred to a graduated cylinder 
and diluted to a final volume of 42.5 mL (6x dilution) using the 90:10 EtOAc/THF solution. It 
was then remixed to ensure uniformity before sampling. The loading for this run was 2.625% or 
2.625 grams of feed solids for 100 grams of DEAM resin. The flow rate was set at 90 mL / 
minute. The column was equilibrated for a period of 20 minutes with the standard mobile phase 
consisting of EtOAc + 0.5% acetic acid (v/v). At the 20-minute mark, the entire volume of the 
previously prepared sample solution was injected on the column immediately followed by a 20 
mL injection line flush with EtOAc. The fractions were collected in the following manner (all 
times listed are from injection point - time 0): 
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TABLE 2 



Fraction 


Open 


Close 


Total Time 


Area % Pac 


Mass of Pac 
(mg) 


1. 


6:15 


15:00 


8:45 


10.73 


12.2 


2. 


15:00 


15:15 


0:15 


74.95 


96.4 


3. 


15:15 


16:30 


1:15 


95.43 


995.0 


4. 


16:30 


29:00 


12:30 


99.25 


4284.6 


5. 


29:00 


35:15 


6:15 


100.00 


555.3 










TOTAL: 


5943.4 mg 



A 50% step gradient was started at the 29 minute mark (i.e. from injection point - time 0) 
consisting of a 50:50 methanol / ethyl acetate wash solvent mobile phase. This was run for 20 
minutes total at which point the run was complete. This wash step allows for faster elution of the 
10-Deacetyltaxol A compound that elutes after taxol A. The last fraction collection valve (i.e. 
fraction 5) was closed as soon as the UV detector registered a rapid increase in absorbance, 
which indicates elution of the 10-Deacetyltaxol A. All of the 10-Deacetyltaxol A flushes from 
the column under the above condition within 10 minutes. However, to ensure the column has 
been purged of any residual material and as a regular practice, the wash step is always a full 20 
minutes in length. Thus, the entire run from the point of injection through the complete column 
wash step was 49 minutes. A trace of the chromatogram showing the collection points of 
fractions 1-5 is shown in Figure 4. 

Fractions 3, 4, and 5 were combined in the pass pool for subsequent crystallization work. 
The fraction analysis (by HPLC) of the passing fractions gives a total of 5.835 g of taxol A. 
Dividing by the total mass of taxol in all fractions, the recovery is calculated to be 98.18%. The 
purity of the crude material going onto the column was 87.9 wt. % taxol, and after column 
purification, the purity of the passing combined fractions was 98.71 % area (by HPLC) taxol A. 
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Example 4 

A 44 liter column was packed with 10kg of J.T. Baker PEI resin (40 micron particle size, 
275 angstrom pore size). The resin was equilibrated with 3 column volumes, 135 liters, of 
50v%/50v% ethyl acetate and heptane containing 0.5% acetic acid at a flow rate of 1.0 liter/min. 
The flow rate for the remaining fractions was at 1.0 liter/min. The semi-purified feed (derived 
from Taxus media Hunyan') was loaded onto the column at a concentration of 250 mg/ml in 
ethyl acetate. The primary taxanes purity of the feed is 57wt%. First, the first fraction was 170 
liters of 50v%/50v% ethyl acetate and heptane containing 0.5v% acetic acid. Second, three 10- 
liter fractions of 50v%/50v% ethyl acetate and heptane containing 0.5% acetic acid was 
collected. Third, the product fraction was 90 liters of 90v%/10v% ethyl acetate and methanol. 
Lastly, the column was wash with 45 liters of 90v%/10v% ethyl acetate/methanol. The product 
pool contains 93.5 wt% primary taxanes. The percent recovery of taxol A and B was 95%. 

Throughout the description, where the present invention is described as having, 
including, or comprising specific components, or where processes are described as having, 
including, or comprising specific process steps, it is contemplated that the present invention also 
consists essentially of, or consists of, the recited components or processing steps. Further, it 
should be understood that the order of steps or order for performing certain actions are 
immaterial so long as the invention remains operable. Moreover, two or more steps or actions 
may be conducted simultaneously so long as the invention remains operable. Also, one or more 
steps or elements may be omitted from the claimed invention, or the invention described herein 
suitably may be practiced in the absence of any component or step which is not specifically 
disclosed herein, so long as the invention remains operable. 
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Further, the present invention may be embodied in other specific forms without departing 
from the spirit or essential characteristics thereof. The foregoing embodiments are therefore to 
be considered illustrative rather than limiting the invention described herein. 

The content of each patent and non-patent document referred to herein is expressly 
incorporated herein by reference in its entirety. 
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